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DECLARATION 



Honorable Commissioner for Patents 
Washington, D.C. 20231 

Sir : 

I, the undersigned Michal Eisenbach-Schwart z , hereby 

declare and state as follows: 

1. I am an inventor in the above-identified 

application . 

2. My curriculum vitae is attached hereto as 

Exhibit A. 

3. I am aware that the examiner has criticized the 
above-identified application as claiming the use of T-cells 
activated by any nervous system specific antigen but having 
examples only for T-cells activated with MBP. 

4. Attached hereto as Exhibit B is a publication 
of Hauben et al, of which I am co-author, entitled 



In re of Appm. No. 09/314,161 



"Vaccination with a Nogo-A-derived peptide after incomplete 
spinal-cord injury promotes recovery via a T-cell-mediated 
neuroprotective response: Comparison with other myelin 
antigens", which was published at PNAS 98:15173-15178 (2001). 

5. All of the experiments described in the 
publication attached as Exhibit B were conducted either by me 
or under my supervision. Accordingly, I hereby state of my 
own knowledge that all of the experiments and the experimental 
results described therein are true and correct. 

6. Reference is particularly made to the 
experiment bridging columns 1 and 2 of page 1517 6 establishing 
that T-cells directed against Nogo-A-derived peptide are 
neuroprotective when passively transferred into SPD rats. 
This confirms what would have been expected from the results 
obtained by actively vaccinating with Nogo-A derived peptide 
previously described in the publication. 

7. Example 8.2 in the above-identified 
specification refers to administration of MOG which causes NS- 
specific activated T-cells to accumulate at the site of 
injury. While we did not do the concomitant experiment of 
passive vaccination with the MOG activated T-cells, the 
results with MBP and Nogo-A establish that the results 
achieved with active vaccination are also obtained when using 
the corresponding passive vaccination. Thus, one of ordinary 
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skill in the art would believe that the results obtained by 
active vaccination of MOG would be Che same if passive 
vaccination with MOG activated T-cells had been conducted. 

8- Accordingly, three examples are of record 
establishing that vaccination with T-cells activated by three 
different NS-specific antigens are all successful or expected 
to be successful in reducing neurodegeneration. Accordingly, 
it is reasonable to conclude that T-cells activated by any NS- 
specific antigen can also be operable for the reasons detailed 
in the above-identified i specification. 

I hereby furzher declare that all statements nade 

: . ; h • . ; - ufi ! - ; {■■■ ' .. 

herein of my own knowledge are true and : that all statements 

■ ■ ". ■ ■ ■=■-,( ;■• " :»? i : i! ' • ■ ' . 

made on information and;belie£ are believed to be true; ana 

further that these statements, were made -v*ith ; the knowledge 

that willful false statements- and, the like, so made are 

punishable by, fine or imprisonment, of both, under Section 

1001 of Title 18 of the United Stat els Code and that such 

willful false statements may jeopfrdize the validi-y of the 

application or any patent issued thereon. 
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Date i : 
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CURRICULUM VITAE 

Personal Details 

Full Name: Michal Schwartz 
Place of Birth: Tel Aviv, Israel 
Marital Status: Married; four children 



Education and Research Experience 

1968-1971 B.Sc. in Chemistry, The Hebrew University of Jerusalem, Israel. 

1972-1977 Ph.D. in Chemical Immunology, Department of Chemical Immunology, 
The Weizmann Institute of Science, Rehovot, Israel. 

Thesis: The molecular and cellular basis of the genetic control of the immune 
response to newly synthesized ordered polypeptides. Supervisors: Profs. M. 
Sela and E. Mozes. 

1977- 1978 Postdoctoral Fellow, Department of Chemical Immunology, The Weizmann 

Institute of Science. 

Research subject: Neuroimmunology - Immunological aspects of myasthenia 
gravis, in collaboration with Prof. S. Fuchs. 

1978- 1980 Postdoctoral fellow, Prof. B. Agranoffs Laboratory, 

Department of Neuro science, University of Michigan, Ann Arbor, MI, USA. 
Research subject: Biochemical aspects of nerve regeneration. 

1980-1985 Senior Scientist, Department of Neurobiology, 
The Weizmann Institute of Science. 

1 985-1 998 Associate professor with tenure, Department of Neurobiology, 
The Weizmann Institute of Science. 

1 987- Maurice and Use Katz Professorial Chair in Neuroimmunology. 



1 988-1 992 Visiting Associate Professor, Department of Anatomy, 
Medical College of Pennsylvania, PA, USA. 

1996 Founded a start-up company (Proneuron Biotechnologies) 



1998 Professor, Department of Neurobiology, 

The Weizmann Institute of Science, Rehovot, Israel 



Honors and Prizes 



1 970 B 'nei-Brith Prize for Distinguished Students 
(awarded by the Hebrew University of Jerusalem). 

1 97 1 Prize for Distinguished B.Sc. Students 
(awarded by the Hebrew University of Jerusalem). 
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1977 Landau Prize for Distinguished Ph.D. Students 

(awarded by the Feinberg Graduate School, 
The Weizmann Institute of Science). 

1 978-1 980 Chaim Weizmann Award for Postdoctoral Training. 

1 98 i_i 985 The Helena Rubinstein Career Development Chair. 
1985 Prof. Stein Prize for Distinguished Work on the Visual System 

(awarded by Tel Aviv University). 

2002 International Award in Ophthalmology, Singapore. 

1 996 Glaucoma Foundation Award. 

1997 Alcon Award for Outstanding Contribution in Eye Research. 

1 998 Academia Ophthalmologica Internationalis Award 

for "Skilled Scientist and Eminent Teacher", June 1998. 

2000 Career Woman of the year 2000, Israel 



2001 The 22nd Annual Peter and Eva Safar Annual Lectureship in Medical 
Sciences and Humanities, University of Pittsburgh, school of Medicine. 

2002 ARVO Award for outstanding research in the basic or clinical sciences as 
applied to ophthalmology (Friedenwald Award). 

2002 The G. Heiner Sell Memorial Lectureship for outstanding achievement in the 

field of spinal cord injury, awarded by the American Spinal Cord Injury 
Association. 

2002 The Post-Polio Research Award 

2002 The IGR Award 
Scientific Advisory Boards 

1994 _ The Glaucoma Foundation, USA 

2003 TEVA Ltd. Ad hoc member for Central Nervous System Research 
1993- Member of the scientific advisory board for neuroprotection, Allergan Ltd 
1 997. 1 999 Biomedics Investments, Israel 

1 998-2000 Elected Member in The International Committee of Association for 
Research in Vision and Ophthalmology (ARVO). 

1 999_ Member of Medical Advisory Board, 

The Alan T. Brown Foundation to Cure Paralysis. 
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2000- Elected Member of The Scientific Board of 

The International Society of Neuroimmunomodulation 

Editorial Boards 

Neuroscience Research Communications (1990 - ) 
Journal of Restorative Neurology and Neuroscience (1995 - 
Journal of Molecular Neuroscience, (2001 - ) 
Investigative Ophthalmology and Visual Sciences (2001 - ) 
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Honorary and Invited Lectures presented at Symposia and Conferences Since 1990 

1. 6th International Symposium on Development, Transplantation and Plasticity of the 
Nervous System. September, 1990. 

2. European Association of Neurological Societies: European Course on Neurosurgery. 
Jerusalem, Israel, September, 1990. 

3. 3rd International Conference on Tumor Necrosis Factors and Related Cytokines. 
Tokyo, Japan, November, 1990. 

4. 4th Otto Loewi Center Meeting on Development and Functioning of Neuronal 
Networks. Jerusalem, Israel, April, 199L 

5. Regional Meeting on Physiological Sciences. Prague, Czechoslovakia, June, 1991. 

6. Rockefeller University - The Weizmann Institute of Science Symposium on Neuronal 
Plasticity. Rehovot, Israel, October, 1991. 

7. International Society of Neuroimmunology: 3rd International Congress (plenary 
lecturer), Jerusalem, Israel, October, 1991. 

8. 2nd International Symposium on Ocular Trauma. Geneva, Switzerland, April 2-5, 
1992. 

9. International Symposium on Eye Research. Stressa, Italy, September, 1992. 

10. Satellite Symposium of the European Neuroscience Association on Stimulation of 
Brain Repair. Munich, Germany, September, 1992. 

11. Philippe Laudat Conference on Cytokines and the Brain. Le Bischenberg, France, 
October, 1992. 

12. Taniguchi Foundation Symposium on Development and Function in the Visual System. 
Katata, Japan, November, 1992. 

13. International Symposium on Low-Energy Laser Biostimulation. Los Angeles, CA, 
USA, January, 1993. 

14. Fifth International Symposium on Neural Regeneration. Asilomar, CA, USA, 
December, 1993. 
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15. FASEB Summer Conference on Interactions of the Nervous and Immune Systems: 
Peptides, Neurotransmitters, Cytokines, Adhesion Molecules and their Receptors. 
Copper Mountain, CO, USA, July, 1994. 

16. Fourth International Conference on Transglutaminases and Protein Cross-Linking 
Reactions. Budapest, Hungary, August, 1994. 

17. European Society for Neuroscience: Workshop on the Cross Talk between the 
Immune and the Nervous Systems. August, 1994. 

18. Fifteenth Annual Meeting of the Israel Society for Eye and Vision Research (honorary 
guest lecturer). Israel, December, 1994. 

19. International Symposium on Low-Energy Laser Biostimulation. Los Angeles, CA, 
USA, January, 1995. 

20. 2nd Annual Think Tank on Optic Nerve Regeneration. Glaucoma Foundation, New 
York, NY, USA, May, 1995. 

21. 9th International Congress of Immunology. San Francisco, CA, USA, July, 1995. 

22. International Symposium on Experimental and Clinical Ocular Pharmacology and 
Pharmaceutics. Geneva, Switzerland, September, 1995. 

23. 1 1th European Congress on Multiple Sclerosis. Jerusalem, Israel, September, 1995. 

24. Leading Scientists Meeting on Glaucoma. Tempe, AZ, USA, March, 1996. 

25. The 3rd Annual Think Tank on Optic Nerve Regeneration. Glaucoma Foundation, 
New York, NY, USA, May, 1996. 

26. Fourth Altschul Symposium on Cell Biology and Pathology of Myelin: Evolving 
Biological Concepts and Therapeutic Approaches. Saskatoon, Canada, June, 1996. 

27. CNS Regeneration Conference. University of Kentucky, Lexington, KY, USA, June, 
1996. 

28. FASEB Summer Conference on Interactions of the Nervous and Immune Systems. 
Copper Mountain, CO, USA, July, 1996. 

29. Amgen Symposium on Trophic Factors in Glaucoma. San Diego, CA, USA, July, 
1996. 
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30. International Symposium on Experimental Spinal Cord Repair and Regeneration. 
Brescia, Italy, October, 1996. 

31. Winter Glaucoma School. The Grand Cayman. February, 1997. 

32. Symposium on Neuroprotection and Apoptosis. Uppsala, Sweden, April, 1997. 

33. First Annual Conference in Association with Vision Research, Molecular, Cellular and 
Genetic Approaches to Function and Dysfunction of the Retina. Fort Lauderdale, FL, 
USA, May, 1997. 

34. Association for Research in Vision and Ophthalmology (ARVO) Symposium on 
Neuroprotection in Glaucoma. Fort Lauderdale, FL, USA, May, 1997. 

35. New Horizons in Neuroimmunology, 9th Rappaport Symposium. Israel, May, 1997. 

36. 3rd Meeting of ETRO Working Party on Factor XIII. Eger, Hungary, May, 1997. 

37. 4th Think Tank in Glaucoma. New York, NY, USA, June, 1997. 

38. Xlth Congress of the European Society of Ophthalmology (guest lecturer). Hungary, 
Budapest, June, 1997. 

39. International Symposium on Experimental and Clinical Ocular Pharmacology and 
Pharmaceutics. Munich, Germany, September, 1997. 

40. American Academy of Ophthalmology. San Francisco, CA, October, 1997. 

41. Neurodegeneration and Neuroprotection in Neurodegenerative diseases. Jerusalem, 
Israel, November, 1997. 

42. International Meeting on Optic Nerve Structure, Function and Neuroprotection, 
supported by Santen Pharmaceuticals. Portland, OR, USA, November, 1997. 

43. Bat-Sheva Seminar on Cellular, Molecular and Genetic Aspects of Aging and 
Longevity. Israel, December, 1997. 

44. 2nd International Glaucoma Symposium. Jerusalem, March, 1998. 

45. Joint Minerva-GIF meeting on New Strategies and Perspectives in Understanding CNS 
Disorders. Jerusalem, May, 1998. 
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46. Boehringer Ingelheim Symposium on Brain Repair Strategies for the Treatment of 
Chronic Neurodegenerative Diseases. Germany, May, 1998. 

47 Association for Research in Vision and Ophthalmology (ARVO) Symposium on 
Neuroprotection and Regeneration in Glaucoma (symposium moderator). Fort 
Lauderdale, FL, USA, May, 1998. 

48. The Ocular Drug and Surgical Therapy Update. Laguna Niguel, California, June, 
1998. 

49. International Congress of Academy of Ophthalmology (Keynote Lecturer). June, 
1998. 

50 FASEB Summer Conference on Interaction of the Nervous and the Immune Systems 
(elected Conference Chairperson and keynote lecturer). Copper Mountain, CO, 
USA, July, 1998. 

5 1 . XIII international congress of Eye Research. Paris, July, 1 998 

52. International Society of Neuroimmunology. Montreal, August, 1998. 

53. The 4th Annual Think Tank on Optic Nerve Regeneration. Glaucoma Foundation, 
New York, NY, USA, September, 1998. 

54. International Symposium on Experimental Spinal Cord Repair and Regeneration. 
Brescia, Italy, October, 1998. 

55. Retinal Ganglion Cell Catalyst. Quebec, October, 1998. 

56. Second Joint Meeting of the International Cytokine Society, symposium on Cytokines 
and Neuroimmunomodulation. Jerusalem, October, 1998. 

57 Invited Teacher in Tufts Medical School in a "Course on Neurotoxicity and 
Neuroprotection" (a part of Continuing Education in Medicine). Boston, October, 
1998. 

58 European Association of Vision and Eye Research (EVER), Symposium on 
Neuroprotection in Relation to Ischemia and Glaucoma. Palma de Mallorca, October, 
1998. 

59 Federation of The Israel Societies of Experimental Biology (FISEB), Symposium on 
Development and Regeneration in the Nervous System. Jerusalem, December, 1998. 
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60. American Association for the Advancement of Science (AAAS), Symposium on Brain- 
Immune Connection: From Popular Myth to Hard Science. Anaheim, California, 
January, 1999. 

61. Glaucoma Experts Meeting 1999. St. Moritz, Switzerland, March, 1999. 

62. 2nd International Congress of Autoimmunity. Tel Aviv, March, 1999. 

63. Alcon Research Institute Symposium, (Alcon Awardees for Outstanding 
Contributions in the Field of Vision Research) Texas, USA, March 1999. 

64. Second Spinal Cord Symposium, Paralyzed Veterans of America. Arlington, VA., 
April, 1999. 

65. Association for Research in Vision and Ophthalmology (ARVO), Opening symposium 
of the 1999 meeting on Neuroprotection and Neuroregeneration. Florida, May, 1999. 

66. Frontiers in Spinal Cord Regeneration. 5th Annual Kentucky Spinal Cord and Head 
Injury Research Trust Symposium. Louisville, June, 1999. 

67. Fourth Annual Mayo-Luther forum on Hematopoietic Cells. Mayo Clinic, Rochester, 
Minnesota, June, 1999. 

68. The Xllth Congress of European Society of Ophthalmology, Symposium on 
Neuroprotection in Glaucoma. Stockholm, June, 1999. 

69. Fifth IBRO World Congress of Neuroscience, Symposium on CNS Ischemia and 
Traumatized neuroprotective approaches. Jerusalem, July, 1999. 

70. 4th International Congress of International Society for Neuroimmunomodulation, 
Lugano, September, 1999. 

71. Neural Regeneration Symposium, Asilomar, California, USA, December 1999. 

72. The 3 rd International symposium on Ocular Pharmacology and Pharmaceutics - 
ISOPP, (keynote lecturer). Lisbon, February, 2000. 

73. International symposium on Neuroprotection, (keynote lecturer). San Antonio, 
February, 2000. 

74. International Symposium on Experimental Spinal Cord Repair and Regeneration, 
Brescia, Italy, April, 2000. 
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75. National Health Institute Workshop. The Role of the Immune System in Spinal Cord 
Injury. Bethesda, MD, April, 2000. 

76. International Neuroimmunology Symposium. The Next Neuroscience Generation. 
Berlin, Germany, May, 2000. 

77. American Association of Immunologists, (chairperson of ISNIM symposium and 
lecturer). Seattle, May, 2000. 

78. Tenth meeting of The European Neurological Society, Jerusalem, June, 2000. 

79. New England Eye Center. Neuroprotection in Glaucoma - 2000. Boston, 
Massachusetts, June, 2000. 

80. 2 nd Neuroprotection Consensus Meeting: "Neuroprotection: Possibilities in 
Perspective". London, UK, June, 2000. 

81. FASEB Summer Conference on Interaction of the Nervous and the Immune Systems, 
(elected Conference Chairperson) July, 2000. 

82. 5 th International Symposium on Ocular Trauma (Keynote lecture). Montreal, Quebec, 
Canada, July, 2000. 

83. International Seminar. Inflammatory Cytokines and Chemokines in the Context of 
Extracellular Matrix. Jerusalem, Israel, September, 2000. 



84. Frontier in Molecular Basis of Diseases. Conference on Cell Biology of Neuronal 
Dysfunction, Paris, October, 2000. 

85. International Society for Neurotrauma, Xian, China, December, 2000. 

86. Research to Prevent Blindness Workshop. Glaucoma: A Novel Neuronal 
Degeneration? Sarasota, Florida, March, 2001. 

87. National Multiple Sclerosis Society. Neuronal Injury in MS and Related Disorders: 
Mechanisms and Prevention. New Orleans, Louisiana, March, 2001. 

88. The American Society of Immunologists (Plenary lecture). Orlando, Florida, April, 
2001. 

89. European Society of Neuroimmunology (Plenary lecture). Bordeaux, June 2001. 

90. European Society of Neuroimmunology. Paris, June 2001 . 

9 
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91 The 8 th Annual Glaucoma Foundation Optic Nerve Rescue and Restoration Think 
Tank. Gene Therapy. New York, New York, July 2001 . 

92. International Society of Neuroimmunology (Plenary lecture). Scotland, September 
2001. 

93. The 2 nd European-American Intensive Course in Clinical and Forensic Genetics. 
Dubrovnik, Croatia, September 2001 . 

94. XV International Congress of Eye Research (ICER), Geneva, Switzerland, October 
2001. 

95. The 3 rd Congress of Asian-Oceanic Glaucoma Society (AOGS) (Plenary lecture). 
Seoul, Korea, October 200 1 . 

96. Neurological Congress of Rehabilitation, Dusseldorf, Germany, November 2001 . 

97 Association Pour La Recherche Sur La Sclerose En Plaques: Immunomodulation and 
Induction of Tolerance in Multiple Sclerosis. Paris, December 200 1 . 

98. The Elected Lecturer of the 22nd Annual Peter and Eva Safar Lecture, University of 
Pittsburgh, December 2001 

99. The Gordon conference on myelin. Ventura, California, February 2002. 

100. Workshop on Neuroprotection in Ophthalmology. Rome, Italy, February 2002. 

101 . 3 rd International Congress on Autoimmunity. Geneva, Switzerland, February 2002. 

102. Brain Plasticity in Health and Disease, National Institute for Psychobiology in Israel. 
Tel-Aviv, Israel, March 2002. 

103. 4th International Symposium on Experimental Spinal CordRepair and Regeneration. 
Brescia, Italy, March 2002. 

1 04 Joint meeting of the American Spinal Injury Association and the International Medical 
Society of Paraplegia (Keynote lecturer), Vancouver, Canada, May 2002. 

105 Association for Research in Vision and Ophthalmology, (Keynote Lecturer as 
Recipient of the Friedenwald Award), Fort Lauderdale, Florida, May 2002. 
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106. Vancouver, Canada, May, 2002. An invited guest of the Canadian Congress of 
Neurological Sciences (Keynote lecturer). Canada, June 2002. 

107. 7th Annual Think Tank. Glaucoma Foundation, Chicago, IL, USA, July 2002. 

108. FASEB meeting on Neuro-immune interactions (Plenary lecture). Tucson, AZ, USA, 
August 2002. 

109. 4 th International Symposium on Experimental and clinical Neurology (Plenary 
lecture). Slovak Republic, September, 2002. 

110. The First Joint Meeting of The National And International Neurotrauma Societies: The 
Sixth International Neurotrauma Symposium and The 20th Annual National 
Neurotrauma Society Symposium, (Plenary lecture). Tampa, Florida, October, 2002. 

111. 10 th Annual Meeting of the European Society for Gene Therapy. (Plenary lecture). 
Antibes Juan-les-Pins, France, October 2002. 

112. American Glaucoma Society Subspecialty Day for presenting the IGR Award, 
Orlando, Florida, October, 2002. 

113. Congress of the British Society for Neuroimmunology, (Plenary lecture). Harrogate, 
UK, December 2002. 

114. Italian Neuroimmunology Society Conference on Autoimmunity and 
Neurodegeneration, (Plenary lecture). Bergamo, Italy, March 2003. 

115. 4 th International Glaucoma Symposium (Plenary lecture), Barcelona, Spain, March, 
2003 

116. Neuroinflammation and Stroke, Berlin, Germany, March, 2003. 

117. 3 rd International Magdeburg Conference on Neuroprotection and Neurorepair, 
(Plenary lecture), Magdeburg, Germany, May, 2003. 

118. 2 nd Mickeln Symposium on Neurodegeneration and CNS Repair (Plenary Lecture), 
Dusseldorf, Germany, May, 2003. 

119. "Spinal Cord Injury: Conventional and Alternative Approaches", Bourges, France, 
June, 2003. 

120. European Neurological Society Meeting, (Plenary lecture) Istanbul, Turkey, June 
2003. 
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121. Kentucky Spinal Cord Injury Research Trust Symposium, Louisville, Kentucky, June, 
2003. 

122. Baltic Summer School, University of Kiel, Kiel, Germany, August, 2003. 

123. 33 rd Cambridge Ophthalmological Symposium, Cambridge, United Kingdom, 
September, 2003. 
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LIST OF PUBLICATIONS 



A. Research Papers 

1 Mozes E., Schwartz, M. and Sela, M. (1974) Antibody responses of inbred mouse strains to ordered 
tetrapitides of tyrosine and glutamic acid attached to multichain polyalanine and polyproline. /. 
Exp. Med. 140:349-358. 

2 Schwartz, M., Mozes, E. and Sela, M. (1975) The genetic control of the immune response of inbred 
mouse strains to conjugates of (Tyr-Tyr-Glu-Glu) and (Tyr-Glu-Tyr-Glu) with multichain poly-DL- 
alanine as compared with the response to the random (T,G)-A-L. Eur. J. Immunol 5.866-871. 

3 Cramer M Schwartz, M., Mozes, E. and Sela, M. (1976) Reconstitution of genetically regulated 
responses against random and ordered synthetic polypeptides by methylated bovine serum albumin as 
analyzed by isoelectric focusing. Eur. J. Immunol 6:618-623. 

4. Schwartz, M., Walterbaugh, C, Dorf, M., Cesla, R, Sela, M. and Benacerraf, B. (1976) 
Determinants of antigenic molecules responsible for genetically controlled regulation of immune 
responses. Proc. Natl Acad. Set USA 73:4184-4186. 

5 Schwartz, M., Novick, D., Givol, D. and Fuchs, S. (1978) Induction of anti-idiotypic antibomes by 
immunization with syngeneic spleen cells educated with acetylcholine receptor. Nature 273:543-545. 

6 Schwartz, M., Lancet, D., Mozes, E. and Sela, M. (1978) Affinity and avidity of antibodies to the 
random polymer (T,G)-A-L and related ordered synthetic polypeptide. Immunochemistry 15:477- 
481. 

7 Schwartz, M., Lifshitz, R, Givol, D., Mozes, E. and Haimovich, J. (1978) Cross-reactive idiotypic 
determinants of murine anti-(T,G)-A-L antibodies. J. Immunol 121:421-426. 

8 Lifshitz, R, Schwartz, M. and Mozes, E. (1978) Specificity and cross-reactivity f ^°JP? rf 
murine antibodies induced by (T,G)-A-L and the (Phe,G)-A-L. Proc. Natl. Acad. Scu USA 75.5118- 
5121. 

9. Schwartz, M., Geiger, B., Hooghe, R.J., Bar-Eli, N., Galily R, Mozes, E and Sela, M (1919) The 
mode of interaction with macrophages of two ordered synthetic polypeptides which differ in their 
thymus independency. Immunology 35:849-855. 

10 Schwartz, M., Lancet, D., Tarrab-Hazdai, R. and Fuchs, S. (1979) Effect of axathioprine on the 
affinity of antibodies against acetylcholine receptor: Analysis with purified antibodies. Mol 
Immunol 16:483^187. 

11 Tarrab-Hazdai, R, Schwartz, M. and Fuchs, S. (1979) Immunological memory following 
immunosuppression of experimental myasthenia gravis with axathioprine. Immunol Lett. 1:101-104. 

12 Schwartz, M., Parhami, B., Mozes, E. and Sela, M. (1979) Changes in the specificity of antibodies to 
random synthetic branched polypeptide in mice tolerant to its ordered analogs. Proc Natl Acad. Set. 
USA 76:5286-5288. 

13 Lifshitz, R, Schwartz, M. and Mozes, E. (1980) Specificity of genes controlling the immune 
responsiveness to (T,G)-A-L and (Phe,G)-A-L. Immunology 41:339-346. 

14 Lifshitz, R, Schwartz, M. and Mozes, E. (1980) Linkage of murine (T,G)-A-L specific idiotypic 
determinants to the heavy chain constant region allotypic markers. Immunogenics 11:191-198. 

15 Fuchs S Bartfeld, D., Eshhar, Z., Feingold, C, Moshly-Rosen, D., Novick, D., Schwartz, M. and 
Tarrab-Hazdai, R. (1980) Immune regulation of experimental myasthenia gravis. J. NeuroL 
Neurosurg. Psychol 46:634. 
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16. Schwartz, M., Axelrod, D., Feldman, E.L. and Agranoff, B.W. (1980) Histological localization of 
binding sites of Dbungarotoxin and antibodies specific to acetylcholine receptor in goldfish optic nerve 
and tectum. Brain Res. 194: 171-180. 

17. Schwartz, M., Siegel, G.J., Chen, N. and Agranoff, B.W. (1980) Goldfish brain (Na\ K')-ATPase: 
Purification of catalytic polypeptide and production of specific antibodies. /. Neurochenu 34:1745- 
1752. 

18. Schwartz, M., Ernst, S.A., Siegel, G.J. and Agranoff, B.W. (1981) Immunocytochemical localization 
of (Na', K')-ATPase in the goldfish optic nerve. /. Neurochenu 36:107-115. 

19. Schwartz, M. and Agranoff, B.W. (1981) Multiprocesses emerge from cultured retinal ganglion cells. 
Brain Res. 206:331-339. 

20. Kohsaka, S., Schwartz, M. and Agranoff, B.W. (1981) Increased activity of ornithine decarboxylase 
in goldfish following optic nerve crush. Dev. Brain Res. 1:391-401. 

21. Schwartz, M., Kohsaka, S. and Agranoff, B.W. (1981) Ornithine decarboxylase activity in retinal 
explants of goldfish undergoing optic nerve regeneration. Dev. Brain Res. 4:403-415. 

22. Feldman, E.L., Axelrod, D., Schwartz, M., Heacock, A.M. and Agranoff, B.W. (1981) Studies on the 
localization of newly added membrane in growing neurites. J. NeurobioL 12:591-598. 

23. Cohen, O., Sela, B.A., Schwartz, M., Eshhar, N. and Cohen, I.R. (1981) Multiple sclerosis-like 
disease induced in rabbits by immunization with brain gangliosides. Isr. J. Med. Set 16:71 1-714. 

24. Schwartz, M., Vogel, Z. and Kalcheim, C. (1981) Goldfish brain extract induces aggregation of 
acetylcholine receptors on cultured myotubes: Increased activity following optic nerve axotomy. 
NeuroscL Lett. 27:165-170. 

25. Schwartz, M., Mizrachi, Y. and Eshhar, N. (1982) Factors from goldfish brain induce neuritic 
outgrowth from explanted regenerating retinas. Dev. Brain Res. 3:29-35. 

26. Schwartz, IVL, Mizrachi, Y. and Kimhi, Y. (1982) Regenerating goldfish retinal explants: Induction 
and maintenance of neurites by conditioned medium from cells originating in the nervous system. 
Dev. Brain Res. 3:21-28. 

27. Mizrachi, Y. and Schwartz, M. (1982) Goldfish tectal explants have a growth promoting effect on 
neurites emerging from co-cultured regenerating retinal explants. Dev. Brain Res. 3:502-505. 

28. Schwartz, M., Sela, B. and Eshhar, N. (1982) Antibodies to gangliosides and myelin autoantigens are 
produced in mice following sciatic nerve injury. J. Neurochenu 38:1192-1195. 

29. Spirman, N., Sela, B. and Schwartz, M. (1982) Antiganglioside antibodies inhibit neuritic outgrowth 
from goldfish regenerating retinal explants. /. Neurochenu 39:874-877. 

30. Schwartz, M. and Spirman, N. (1982) Sprouting from chicken embryo dorsal root ganglia induced by 
nerve growth factor is specifically inhibited by affinity purified antiganglioside antibodies. Proc. Natl. 
Acad. Sci. USA 79:6080-6083. 

31. Konat, G., Hoffner, H., Lev-Ran, V., Cohen, O., Schwartz, M., Cohen, I.R. and Sela, B.A. (1982) 
Abnormalities in brain myelin of rabbits with experimental autoimmune multiple sclerosis-like disease 
induced by immunization to gangliosides. Acta Neurol Scand 66:568-574. 

32. Mizrachi, Y., Ohry, A., Aviel, A., Rosin, R., Brookes, M.E. and Schwartz, M. (1983) Systemic 
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The myelin-associated protein Nogo-A has received more research 
attention than any other inhibitor of axonal regeneration in the 
injured central nervous system (CNS). Circumvention of its inhibi- 
tory effect, by using antibodies specific to Nogo-A, has been shown 
to promote axonal regrowth. Studies in our laboratory have 
demonstrated that active or passive immunization of CNS-injured 
rats or mice with myelin-associated peptides induces a T-cell- 
mediated protective autoimmune response, which promotes re- 
covery by reducing posttraumatic degeneration. Here, we show 
that neuronal degeneration after incomplete spinal-cord contusion 
in rats was substantially reduced, and hence recovery was signif- 
icantly promoted, by posttraumatic immunization with p472, a 
peptide derived from Nogo-A. The observed effect seemed to be 
mediated by T cells and could be reproduced by passive transfer of 
a T cell line directed against the Nogo-A peptide. Thus, it seems that 
after incomplete spinal-cord injury, immunization with a variety of 
myelin-associated peptides, including those derived from Nogo-A, 
can be used to evoke a T cell-mediated response that promotes 
recovery. The choice of peptide(s) for clinical treatment of spinal- 
cord injuries should be based on safety considerations; in partic- 
ular, the likelihood that the chosen peptide will not cause an 
autoimmune disease or interfere with essential functions of this 
peptide or other proteins. From a therapeutic point of view, the 
fact that the active cellular agents are T cells rather than antibodies 
is an advantage, as T cell production commences within the time 
window required for a protective effect after spinal-cord injury, 
whereas antibody production takes longer. 

Substantial progress has been made in understanding why the 
injured central nervous system (CNS) fails to regenerate and 
why the damage caused by the primary insult is propagated 
rapidly and irreversibly beyond the initial lesion. In the search for 
answers to these questions, considerable attention has been 
directed to myelin-associated inhibitors (1). One such inhibitor 
is Nogo-A (2-6), which was recently cloned and characterized 
(7). Monoclonal antibodies to Nogo-A were reported to facilitate 
axonal regrowth and some functional recovery when injected 
into the cerebrospinal fluid of rats after partial transection of 
their spinal cords (8, 9). 

Studies of animal models of partial and complete CNS lesions 
in our laboratory have shown that after CNS injury, the white 
blood cells of the immune system (macrophages and T lympho- 
cytes) can facilitate processes of protection, repair, and regen- 
eration (10-13). Axonal injury to the spinal cord evidently 
activates an anti-self (autoimmune) response mediated by T cells 
directed against myelin-associated antigens. This response was 
found to be beneficial for the injured nerve, as it can reduce the 
posttraumatic degeneration, an otherwise inevitable conse- 
quence of the injury (14). The ability to exhibit a protective 
autoimmune T cell response is genetically controlled and is 
inversely related to the inherent resistance of the individual or 
strain to the development of an autoimmune disease, such as 
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experimental autoimmune encephalomyelitis (EAE), when chal- 
lenged with myelin-associated antigens (15). Moreover, the 
neuroprotective T cell response is amenable to boosting by 
passive or active immunization. Passive transfer of T cells 
reactive to myelin basic protein (MBP) significantly improves 
recovery from spinal-cord contusion in rats (10, 16). 

In seeking a way to convert the experimental immunization 
into an effective posttraumatic therapy, we have been testing 
peptides that are "safe*' (i.e., do not induce autoimmune disease) 
and are derived from or crossreact with self-proteins (17-19). 
We found that vaccination with MBP or a spinal-cord homog- 
enate containing a variety of myelin proteins promotes morpho- 
logical and functional recovery of the injured spinal cords of both 
EAE-resistant and EAE-susceptible rats (17). This finding raised 
another question: would vaccination with myelin antigens that 
inhibit axonal outgrowth be similarly (or more) effective, or is 
the effect unique to a specific type of myelin protein? 

In this study, we examined whether posttraumatic immuniza- 
tion with a peptide derived from the myelin-associated growth- 
inhibitory protein Nogo-A (p472) can promote recovery from 
spinal-cord injury. If so, we were interested in finding out 
whether such peptides can reduce the spread of damage without 
risk of inducing an autoimmune disease, and whether the effect 
is mediated by antibodies or by T cells. 

Materials and Methods 

Animals. Inbred adult Sprague-Dawley (SPD) and Lewis rats 
(10-12 weeks old, 200-250 g) were supplied by the Animal 
Breeding Center of The Weizmann Institute of Science. The rats 
were matched for age and weight in each experiment and housed 
in a light- and temperature-controlled room. 

Antigens. MBP and ovalbumin (OVA) were purchased from 
Sigma. Altered (nonencephalitogenic) MBP peptide (Ala-91) 
was derived from an encephalitogenic peptide, amino acids 
87-99 of MBP, by replacing the lysine residue 91 with alanine 
(VHFFANIVTPRTP) (20). Both Ala-91 and the Nogo-A- 
derived peptide p472 (SYDSIKLEPENPPPYEEA) (7) were 
synthesized at the Weizmann Institute of Science (Rehovot, 
Israel). Antigens were emulsified in equal volumes of complete 
Freund's adjuvant (CFA; Difco) supplemented with Mycobac- 
terium tuberculosis (1 mg/ml; Difco). 

Spinal-Cord Contusion or Transection. Rats were anesthetized by i.p. 
injection of Rompun (xylazine, 10 mg/kg; Vitamed, Benyamina, 



Abbreviations: CNS, central nervous system; EAE, experimental autoimmune encephalo- 
myelitis; MBP, myelin basic protein; SPD, Sprague-Dawley; OVA, ovalbumin; CFA, complete 
Freund's adjuvant; RGC, retinal ganglion cells. 

*To whom reprint requests should be addressed. E-mail: michal.schwartz©weizmann.ac.il. 
The publication costs of this article were defrayed in part by page charge payment. This 
article must therefore be hereby marked "aoVe/t/jemenf" in accordance with 18 U.S.C. 
§1734 solely to indicate this fact. 

PNAS | December 18, 2001 | vol. 98 | no. 26 | 15173-15178 



EXHIBIT B 



Israel) and Vetalar (ketamine, 50 mg/kg; Fort Dodge Labora- 
tories, Overland Park, KS), and their spinal cords were exposed 
by laminectomy at the level of T9. One hour after induction of 
anesthesia, a 10-g rod was dropped onto the laminectomized 
cord from a height of 25 mm or 50 mm with the New York 
University (N.Y.U.) Impactor, a device shown to inflict a well 
calibrated contusive injury of the spinal cord (21). The spinal 
cords of another group of rats were transected completely, as 
described (13). 

Active Immunization. Rats were immunized s.c. in the base of the 
tail on a random basis with 150 /xg of p472 or Ala-91 or were 
injected with PBS, each emulsified in an equal volume of CFA 
containing 1 mg/ml bacteria. Seven days later, each rat was 
injected s.c. with a booster of 100 /xg of the same antigen 
emulsified in incomplete Freund's adjuvant (Difco). The first 
immunization was given not later than 1 h after contusion. 
Control rats were sham-operated (laminectomized but not con- 
tused), immunized, and examined daily for symptoms of EAE, 
which were scored on a scale of 1 to 5 (22). 

SPD T Cell Line Specific to p472. T cell line was generated from 
draining lymph-node cells obtained from immunized rats as, 
described (23). Cells were grown in propagation medium for 
4-10 days before being restimulated with their antigen (10 
/ng/ml) in the presence of irradiated (2,000 rad) thymus cells 
(1 x 10 7 cells per ml) in proliferation medium. The T cell line 
was expanded by repeated stimulation and propagation. 

Animal Care. In contused rats, bladder expression was assisted by 
massage at least twice a day (and three times a day during the 
first 48 h after injury) until the end of the second week, by which 
time SPD rats had recovered automatic voidance. Lewis rats 
required this treatment throughout the experiment. All rats were 
carefully monitored for evidence of urinary tract infection or 
other signs of systemic disease. During the first week after 
contusion and in any case of hematuria thereafter, they received 
a course of sulfamethoxazole (400 mg/ml) and trimethoprim (8 
mg/ml) (Resprim; Teva Pharmaceutical Industries, Petah Tikva, 
Israel), administered orally by syringe (0.3 ml of solution per 
day). Daily inspections included examination of the laminectomy 
site for evidence of infection and assessment of the hind limbs 
for signs of autophagia or pressure. 

Proliferation Assay. Female SPD rats were immunized with p472. 
Ten days later, lymph nodes were excised, dissociated, and the 
washed lymphocytes (2 x 10 6 cells per ml) were cultured in 0.2 
ml of proliferation medium (10). The cells were activated for 72 h 
at 37 C°, 90% relative humidity, and 7% C0 2 in the presence of 
irradiated thymocytes (2,000 rad, 2 x 10 6 cells per ml), together 
with p472 (10 Mg/ml), Ala-91 in CFA (10 ^g/ml), the nonself 
antigen OVA (10 /u-g/ml), Con A (1.25 Mg/ m 0> or no antigen. 
The proliferative response was determined by measuring the 
incorporation of 3 [H]thymidine (1 yu-Ci per well; 1 Ci = 37 GBq), 
which was added for the last 16 h of a 72-h culture. 

ELISA for Antibody Detection. For this assay, 96-welI flat-bottomed 
microliter plates treated with glutaraldehyde (0.2%) were coated 
with 100 m! of p472 or Ala-91 (10 Mg/ml) in PBS, by overnight 
incubation at 4°C. The plates then were blocked with PBS 
containing 1% BSA (Sigma) for 2 h at 37°C and washed with PBS 
containing Tween 20 (0.5%). Duplicate samples of the sera to be 
tested were added to the plates at different dilutions in PBS 
containing 1% BSA (1:500, 1:1000, 1:5,000, or 1:10,000). The 
plates were incubated for 2 h at 37°C, then washed five times in 
PBS containing Tween 20 (0.5%). Peroxidase-conjugated Affi- 
niPure goat anti-mouse IgG (Jackson ImmunoResearch) or 
alkaline phosphatase goat anti-mouse IgM (Jackson Immu- 



noResearch) diluted 1:2,500 in PBS and 1% BSA were added, 
and the plates were incubated for 2 h at 37°C. They were then 
washed five times in PBS containing Tween 20 (0.5%) and 
alkaline phosphatase substrate solution (100 fxl P e r well) was 
added. The reaction was stopped by the addition of 1 M 
phosphoric acid (100 jllI per well). The plates were read with an 
ELISA plate reader (Anthos Labec Instruments, Salzburg, Aus- 
tria) OD at 405 nm (in wells with anti-IgM antibody) or OD at 
450 nm (in wells with anti-IgG antibody). Background OD was 
subtracted from the test OD values. 

Assessment of Recovery from Spinal-Cord Contusion. Behavioral 
recovery was scored in an open field with the Basso, Beattie, and 
Bresnahan locomotor rating scale (BBB), where a score of 0 
registers complete paralysis and a score of 21 registers complete 
mobility (24). Blind scoring ensured that observers were not 
aware of the treatment received by each rat, as described (17). 
Before each evaluation, the rats were examined carefully for 
perineal infection, wounds in the hind limbs, and tail and foot 
autophagia. 

Retrograde Labeling of Rubrospinal Neurons. Four months after 
spinal-cord contusion, rats were reanesthetized, and the dye 
rhodamine dextran amine (Fluoro-ruby; Molecular Probes) was 
applied below the site of contusion at T12. After 5 days, the rats 
again were anesthetized, and their brains were excised, pro- 
cessed, and cryosectioned. Sections taken through the red 
nucleus were inspected and analyzed qualitatively and quanti- 
tatively by fluorescence and confocal microscopy. 

Partial Crush Injury of the Rat Optic Nerve. The optic nerve was 
subjected to crush injury, as described (14). 

Measurement of Secondary Degeneration of the Rat Optic Nerve by 
Retrograde Labeling of Retinal Ganglion Cells (RGCs). Secondary 
degeneration of the optic nerve axons and their attached RGCs 
was measured after postinjury application of the fluorescent 
lipophilic dye 4-[4-(didecylamino)styryl]-N-methylpyridinium 
iodide (4-Di-10-Asp; Molecular Probes) distally to the lesion site 
2 weeks after crush injury (25). 

Results 

Posttraumatic Vaccination with a Nogo-A-Derived Peptide Reduces 
Degeneration After Incomplete Spinal-Cord Partial Injury. We syn- 
thesized an 18-aa peptide (SYDSIKLEPENPPPYEEA) derived 
from Nogo-A (p472) and used it to vaccinate rats immediately 
after partial injury (contusion) of the spinal cord. The choice of 
peptide was based on previous observations that antibodies 
directed against p472 were as effective as the original IN-1 
antibodies in blocking the myelin-inhibitory effect on neuronal 
growth, suggesting that this peptide might be the physiologically 
significant epitope within the Nogo-A protein (7, 26, 27), Rats 
were injected with p472 or PBS emulsified in CFA. Fig. 1 shows 
the recovery of spinally contused female and male SPD rats after 
immunization with p472. Female rats immunized with p472 after 
injury recovered significantly better than females that were 
untreated or injected with PBS in CFA. The effect was discern- 
ible less than 2 weeks after immunization and was stronger after 
4 weeks (Fig. 1). The highest behavioral score (mean ± SEM) 
obtained in- the p472-vaccinated group (n - 5) was 8.0 ± 0.8, 
compared with 3.4 ± 0.9 in the untreated group (n — 5), Control 
rats injected with PBS in CFA scored 5.5 ± 0.5, which is higher 
than the untreated rats but still significantly lower than the 
p472-immunized rats. The above findings confirm that the 
endogenous immune response to a CNS insult can be boosted 
with myelin antigens and that the boosting has a beneficial effect 
(14). In all subsequent experiments, rats immunized with PBS in 
CFA were included as controls to verify that the effect induced 
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Fig. 1. Active posttraumatic vaccination with the Nogo-derived peptide 
p472 reduces paralysis after incomplete spinal-cord injury in SPD rats. Female 
SPD rats were subjected to spinal contusion at T8 inflicted by the N.Y.U. 
Impactor with a 10-g weight dropped from a height of 50 mm. Immediately 
after contusion, rats in one group (n = 6) were vaccinated with p472 emulsi- 
fied in CFA and rats in another group (n = 6) were injected with PBS only. 
Motor behavior was assessed weekly in an open field by observers blinded to 
the treatment received by the rat. Recovery was best in rats vaccinated with 
p472. Results are mean values of the motor score ± SEM. Significance of the 
difference between the groups was determined by using a two-tailed Stu- 
dent's ttest (*, P < 0.05; **, P < 0.01). 



by the peptide-specific immunization was more pronounced than 
the CFA-induced boosting of the endogenous response. In the 
males, improvement in recovery after p472 immunization also 
was significant, although less substantial than in the females: 
behavioral scores were 5.1 ± 0.6 with p472 in CFA and 3.6 ± 0.2 
with PBS in CFA (Fig. 7A). The better recovery in the female 
rats is in line with a recent finding from our laboratory (17). 
These two experiments raised a key question: how does the 
observed effect of the Nogo-A-derived peptide in reducing 
posttraumatic immunization compare with that of MBP-derived 
peptides? 

We recently reported that active posttraumatic vaccination of 
rats with an MBP-derived peptide (p87-99; Ala-91) altered by 
one amino acid replacement (Lys-91 by Ala) leads to significant 
neuroprotection (17). Here, we compared the effects of Ala-91 
and p472 (both emulsified in CFA). The results obtained with 
the peptide Ala-91 were better (Fig. 2B). The highest locomotor 
score obtained was 6.6 ± 0.6 in rats immunized with Ala-91 in 
CFA compared with 3.4 ± 0.7 in rats injected with PBS in CFA. 
These results, and the small differences between control values 
in the two experiments (Fig. 2 A vs. 5), indicate that both 
peptides are effective but do not permit definite conclusions 
about differences in their efficacy. 

In a second set of experiments, SPD males with a milder 
contusive injury (caused by a weight drop from a height of 25 
mm) were vaccinated with p472. As before, the effect was 
evident from day 14 on and was then significant at all times of 
assessment, according to a two-tailed Student's t test (Fig. 2C). 
The highest behavioral score in these rats was 8.9 ± 0.5, 
compared with 7.0 ± 0.45 after vaccination with PBS in CFA. 

The behavioral recovery scores of p472-immunized rats after 
a weight drop from 25 mm reached plateau values that exceeded 
the threshold values correlated with sparing of the rubrospinal 
tracts needed for weight support. To confirm that the better 
recovery seen in these rats is related to a better survival of the 
rubrospinal tracts, we compared the integrity of the rubrospinal 
tracts in p472-immunized rats and rats injected with CFA in PBS 
(Fig. 2C). In rats with a BBB score around 8 (indicative of weight 
support), retrograde labeling gave an "all-or-none" indication of 
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Fig. 2. Comparison between vaccination with the Nogo-derived peptide 
p472 and the MBP-derived altered peptide Ala-91 in male SPD rats. (A) Male 
SPD rats were subjected to spinal contusion as described for Fig. 1. Immedi- 
ately after the contusion, the animals were randomly divided into two groups 
(n = 6 in each group). Rats in the first group were immunized with p472 in CFA, 
and rats in the second group were injected with PBS in CFA. Motor behavior 
was assessed as described for Fig. 1. Results are mean values of the motor 
score ± SEM. (S) Male SPD rats were injured and grouped as in A and were 
immunized with Ala-91 in CFA or injected with PBS in CFA, Motor recovery in 
the Ala-91 -treated group, assessed as in A, was at least as good as with p472 
treatment. Results are mean values of the motor score ± SEM. (Q Assessment 
of recovery from a milder spinal contusion inflicted by dropping the 10-g 
weight from a height of 25 mm (*, P < 0.05; ** P < 0.01). 



rubrospinal tract survival (28-30). The examined control rats 
(average BBB score = 6.5 ± 0.5) showed almost no labeled red 
nuclei. In tK« M^-vyO -tnlJL . ?H - *< ^^Un\-d /u?\i ( 
9.4 ± 0.3; n = 3), 142 ± 46 red nuclei were labeled (Fig/5). ^~ 
To determine whether the immunity directed against Nogo-A 
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Fig.^ Presence of proliferating T cells specific to p472 and absence of 
antf-p472 antibodies 1 week after vaccination with p472. (A) The proliferative 
response of splenocytes prepared from rats injected with p472 in CFA or with 
PBS in CFA to their specific antigen was compared with their proliferative 
response to the nonspecific antigen (OVA) in CFA or in the absence of antigen. 
Results are expressed as the mean cpm values of quadruplicate samples 
obtained from three different animals ± SEM. (S) Antibodies in the treated 
rats were assayed by ELISA. The amount of antibodies detected in the rats 
immunized with p472 in CFA was not significantly greater than in those 
injected with PBS in CFA. Results are expressed by mean values (expressed in 
arbitrary units) ± SEM obtained from three rats, each tested in triplicate at 
each of the indicated dilutions. 



(yielding the improved recovery observed here) was of cellular 
or humoral origin, we examined the immunized rats for specific 
anti-p472 T cells in lymph nodes and for antibodies in the serum. 
T cell proliferation assay revealed proliferating T cells in rats 
immunized with p472 in CFA when tested with the p472-derived 
peptide. The same lymphocytes were incubated with MBP- 
derived peptide (87-99) or OVA as controls. No p472-specific 
T cells were found in control rats injected with PBS in CFA (Fig. 
44). Antibody assays revealed no significant differences in IgM 
antibody titer between the rats injected with p472 in CFA and 
those injected with PBS in CFA (Fig. 45). 

None of the immunized rats developed symptoms of EAE. 
Because SPD rats are resistant to EAE induction, we examined 
whether p472 immunization of the EAE-susceptible Lewis rats 
would induce the disease. No clear signs of EAE were observed. 
It is possible, however, that infiltrating Nogo-specific T cells 
caused silent clinical changes in the CNS, as reported with other 
myelin-derived autoantigens, for example, myelin-associated gly- 
coprotein (31, 32). 

T Cells Directed Against Nogo-A-Derived Peptide Are Neuroprotective 
When Passively Transferred into SPD Rats. The above results suggest 
that the neuroprotection observed after active vaccination with 
p472 is mediated by T cells specific to that peptide. To verify this 
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Fig.^. Passive transfer of p472-specific T cells into spinally contused rats 
promotes recovery. Male SPD rats were subjected to spinal contusion as 
described for Fig. 1. Immediately after contusion, the rats were divided into 
two groups (n - 5 in each group). Rats in one group were injected intraperi- 
toneal^ with p472-specificT cells (1 x 10 7 cells) in PBS, and rats in other groups 
were injected with PBS only. Motor behavior was assessed in an open field by 
observers blinded to the treatment received. Results are mean values of the 
motor score £ SEM. Significance of the differences between the groups at 
each time point was determined by using a two-tailed Student's ttest (\ P < 
0.05). 



suggestion, we prepared a T cell line specific to p472. Passive 
transfer of anti-p472 T cells after spinal contusion in rats had a 
protective effect, which became apparent as early as 8 days after 
the injury; the highest behavioral score was 6 ± 0.6 for rats 
treated with the T cells and 4 ± 0.5 for untreated controls (Fig. 
5). The efficacy of different routes of immunization (active and 
passive; compare Fig. 2A and Fig. 5) should be compared with 
caution because of the difference in their numbers of available 
T cells at the lesion site during the therapeutic time window. 
Also, the efficacy of passive T-cell transfer is critically dependent 
on matching between the MHC-II characteristics of donor and 
recipient, meaning that inbred strains and homologous cells must 
be used. The SPD strain, although not inbred, is stably hetero- 
geneous. It derives from a hybrid of Hooded males and Wistar 
females, with subsequent lines developed into a stable stock. The 
rats used in our studies were obtained from Harlan-Sprague- 
Dawley, and all were descended from the same original stock. 
We created a primary T cell line by in vitro propagation of 
lymphocytes from immunized SPD rats by using antigen- 
presenting cells (APCs) from other SPD rats. Thus, despite the 
heterogeneity, the rats evidently share enough homology in their 
expressed MHC-II for this purpose (for the in vitro propagation 
in this strain, we always used twice as many thymocytes as APCs 
than when working with inbred strains). Because of the heter- 
ogeneity, the passively transferred T cells might be less effective 
than in inbred rats using homologous cells; nevertheless, our 
results confirmed that the protection is mediated by T cells. 

Immunization with Nogo-A Reduces Loss of RGCs After Optic-Nerve 
Injury. The posttraumatic loss of RGCs can be significantly 
reduced by passive transfer of T cells directed against myelin 
antigens or by active immunization with these antigens (12, 18, 
19, 33). To determine whether active immunization is as effective 
with p472 as with other myelin antigens, we immunized SPD 
rats with p472 emulsified in CFA. Control injured rats were 
injected with PBS emulsified in CFA. When the rats were 
immunized before the insult, the number of surviving RGCs, 
determined by retrograde labeling 2 weeks after the insult, was 
significantly larger in the p472-immunized rats than in the 
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Fig t £f Immunization with p472 reduces RGC loss after partial crush injury of 
the rat optic nerve. (A) Rats were subjected to a calibrated crush injury of the 
optic nerve immediately before or 5 days after injection with p472 in CFA, PBS 
in CFA, or T cells directed to p472. (B) Rats were immunized with Ala-91 in CFA 
or PBS in CFA immediately after optic-nerve crush. In both A and B, the optic 
nerves were re-exposed 2 weeks later, and a dye was injected distally to the 
primary lesion. After 5 days, the retinas were excised and whole-mounted, and 
the RGCs were counted by observers blinded to the treatment received by the 
rats. Results are expressed as the mean numbers of RGCs per mm 2 ± SEM. 

controls (Fig. 6/4). Passive transfer of p472-specific T cells 
immediately after the insult had a beneficial effect on recovery, 
like that seen in our studies with T cells that are specific to myelin 
peptides or crossreactive with Cop-1 (10, 18). Active immuni- 
zation with Ala-91 immediately after optic-nerve injury (Fig. 



6B), like passive transfer of the T cells specific to p472 (Fig. 6A), 
yielded a better RGC survival rate than that seen in the control 
(Fig. 6 A and B). This finding suggests that that both p472 and 
Ala-91 are potentially neuroprotective antigens, and that the 
possible difference in their immunogenicity is manifested by how 
promptly they induce a response. No such difference is observed 
when the T cells are passively transferred. 

Discussion 

Recovery from spinal-cord injury depends on the severity of the 
insult (location of injury and the number of spared neurons), the 
amount of secondary degeneration, the ability to regenerate, and 
the ability to activate local mechanisms of plasticity. Whereas the 
question of regeneration is still largely unsolved, much more is 
now known about neuroprotection in general, especially in the 
context of the spinal cord. In particular, it is now clear why 
neuronal degeneration continues to progress after the primary 
insult and how the damage is propagated. 

The design of therapeutic strategies has been hampered by 
some apparent contradictions in the findings of research, espe- 
cially concerning the question of whether the recovery process 
is advanced or impeded by inflammation (34, 35). Anti- 
inflammatory drugs were reported to be beneficial after spinal- 
cord injury, leading to the tentative conclusion that an inflam- 
matory reaction is bad for recovery (36). However, recent studies 
(14, 37, 38) indicate that the adaptive immune response, which 
is spontaneously evoked by a spinal-cord injury, is beneficial for 
recovery in some strains, depending on their inherent suscepti- 
bility to EAE (15). The T cell-dependent protective autoimmu- 
nity was found to be characterized also by sexual dimorphism, 
with female rats recovering better than males after spinal-cord 
contusion (E.H. etal, unpublished work). The injury-evoked, T 
cell-mediated protective response was found to be boosted in 
EAE-resistant strains (or induced in EAE-susceptible strains) by 
passive transfer of anti-MBP T cells or by active vaccination with 
certain myelin-associated self-antigens (17). 

In this study, we show that a peptide derived from Nogo-A, a 
myelin component known to inhibit posttraumatic regeneration, 
can activate the immune system in a beneficial way. This peptide 
had a neuroprotective effect in the same model and with the 
same therapeutic time window as that shown by us to accom- 
modate a T cell-based therapy (10). Thus, after partial crush 
injury of the rat optic nerve or spinal cord, prompt vaccination 
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f * ^ ^ fig^S^ Retrograde labeling of cell bodies in the red nucleus. Three months after spinal contusion, rats from each group were reanesthetized, and the dye 
j * rhodamine dextran amine (Fluoro-ruby) was applied below the site of contusion. Five days later, the rats were killed, and their brains were excised, processed, 

and cryosectioned. Sections taken through the red nucleus were inspected and analyzed by fluorescence confocal microscopy. The photographs are of 
p472-immunized rats and of the control rats shown in Fig 2C. 
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(within 1 h after the injury) with Nogo-A-derived peptide 
emulsified in CFA evoked a T cell-mediated protective autoim- 
munity. Within this time window, we detected p472-specific T 
cells in the immunized injured rats, but no anti-p472 antibodies. 
Similar results were obtained after passive transfer of T cells 
specific to the Nogo-A-derived peptide. Therefore, we consid- 
ered it important to determine whether a peptide derived from 
Nogo-Ahas advantages over other myelin- associated peptides as 
a potential vaccine. Based on the present comparison with the 
effect of an MBP-derived peptide, the answer is that it does not. 

Recent studies reveal that, for protective autoimmunity, both 
autoimmune T cells and regulatory T cells are essential constit- 
uents of this network, but neither of them on its own suffices to 
bring about neuroprotection (39). When considering the use of 
a particular myelin-associated peptide for therapy, it is important 
to ascertain that the T cell response it elicits falls within the 
therapeutic window, and that it will confer the desired benefit 
without risking the development of an autoimmune disease. 
Also, such peptides should not elicit any immune activity that 
interferes with their essential physiological activities, if any. In 
susceptible rat strains, a modified encephalitogenic peptide was 
found to be beneficial (17). This study demonstrates that in 
EAE-susceptible rat strains, Nogo-A-derived peptides were not 
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encephalitogenic. However, we cannot rule out the possibility 
that vaccination with Nogo-A-derived peptides might evoke, in 
addition to the observed T cell response, a delayed antibody 
response. Although apparently not needed for neuroprotection, 
these antibodies might interfere with the essential activities of 
Nogo-A in maintaining the integrity of the adult CNS. Such 
interference might be a potential side effect of the use of 
anti-Nogo-A antibodies for regeneration (26). In view of this 
possible drawback, it might be preferable to choose a myelin- 
associated peptide that does not play a role in neuronal plasticity. 
Alternatively, it might be possible to exploit the neuroprotective 
property of Nogo-derived peptides in a way that avoids the 
appearance of antibodies by using passive vaccination with 
anti-Nogo T cells rather than active immunization with the 
peptides themselves. 

T cell-mediated active or passive vaccination is a promising 
treatment for posttraumatic treatment of the injured spinal cord, 
because it is based on harnessing the immune system. Because 
the active players are immune cells and not antibodies, this type 
of therapy is likely to provide multifactorial protection. 
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